D epartm en t o f C hem istry, F acu lty o f Engineering
In contrast with thio-and dithiocarboxylic acid derivatives [1] , much less is known about the chemistry of selenohomologues [2] . Their investi gation has been limited to Se-alkyl and aryl seleno carboxylates, because of the difficulties in synthe sis and purification. We have recently established a convenient preparation of sodium and potassium selenocarboxylates [3] and in addition isolated a series of organotin and -lead selenocarboxylates [4, 5] , We now report the first well characterized triorganogerm anium selenocarboxylates 3 (here after cited as Se-germanium selenolesters) ob tained from the reaction of sodium selenocarboxy lates with triorganogermyl chloride (eq. ( 1)). When an ether solution of triphenylgermyl chloride was added to a suspension o f an equiva lent of sodium 4-m ethylbenzenecarboselenoate If in the solvent at 25 °C, the yellow color o f the mix ture gradually disappeared. The precipitate (NaCl) was filtered off and the usual work-up of the fil trate gave triphenylgermanium 4-methylbenzenecarboselenoate 3 f as slightly yellow needles in 68% yield. U nder similar conditions the stoi chiometric reaction with other sodium selenocar boxylates l a -e , g -i afforded the corresponding Se-germanium selenolesters 3 a -e , g -i in 5 0 -70% yields. The structures o f 3 were established from the IR, mass, 'H and 13C N M R spectra, and mi croanalyses.
The Se-germanium selenolesters 3 are thermally fairly stable, but not towards oxygen. The aliphat ic esters (3, R = alkyl) are less stable than the aromatic ones. For example, triphenylgermanium selenoacetate decomposes quickly in air at 20 °C to give the corresponding carboxylic acid with liberation of red selenium. C om pared with the corresponding Se-tin and -lead selenolesters (RCÖSeM Rj, M = Sn, Pb), the germanium esters 3 appear to be more labile towards m oisture and oxygen [6] .
The carbonyl stretching frequencies of the Se-germanium esters 3 are observed in the region of 1665-1675 cm " 1 and are close to those of Se-alkyl or aryl selenolesters. F or com parison, the v C = 0 band and the carbonyl carbon-13 and selenium-77 chemical shifts of triphenylgermanium benzenecarboselenoate 3 c and other triorgano group 14 elements esters are shown in Table I .
It is noted that the v C = 0 bands o f the Se-tin and -lead esters show markedly lower wave-numbers as compared with the Se-germanium ester. In addition, appreciable differences of the carbonyl carbon chemical shifts are observed between 3 and the tin or lead esters. Presumably, such marked differences reflect the structural difference between the Se-germanium esters 3 having an ester struc ture and the Se-tin or -lead esters in which the car bonyl oxygen co-ordinates intramolecularly to the Sn or Pb atom s [4, 5] ,
In our previous study, we have described the form ation o f acyl aryl diselenides 5 from the reac tion o f triphenyltin selenocarboxylates with arylselenenyl brom ide [5] . Expecting the form ation of the similar diselenides 5, the reaction o f triphenylgermanium benzene-3d and 4-chlorobenzenecarboselenoates 3i with benzeneselenenyl bromide were carried out. They smoothly proceeded in tetrahydrofuran at room temperature to give the corresponding diselenides 5 a and 5 b in 38 and 32% isolated yields, respectively (eq. (2)). The reaction of sodium selenocarboxylates 1 with arenesulfenyl chlorides 6 afforded no acyl arylsulfenyl selenides 7, but gave S-aryl thiocarboxylates in good yields [9] . Instead, the reaction of triphenylgerm anium 4-chlorobenzenecarboselenoate 3i with 2,4-dinitrobenzenesulfenyl chloride 6 af forded the expected 4-chlorobenzoyl 2,4-dinitro benzenesulfenyl selenide 7 in 48% yield (eq. (3)).
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Experimental
The melting points were obtained by using a Yanagim oto micromelting point apparatus and are uncorrected. The IR spectra were measured on a JASCO grating IR spectrophotometer IR-G. The 'H , l3C, and 77Se N M R spectra were recorded on a JEOL JNM -G X-270 (270 M Hz) with tetramethylsilane or diphenyl diselenide as an internal standard. The mass spectra were recorded on Shimadzu QP 1000 and GCMS-9020 D F high-resolution mass spectrometer. Micro-analyses were per formed by the Elemental Analysis Center o f Kyo to University.
M aterials
Triphenylgermyl chloride and 2,4-dinitrobenzenesulfenyl chloride were commercial grade and were used w ithout further purification. Trimethylgermyl chloride was purchased from Alfa Chem. Co. and distilled before used. Benzenesulfenyl chloride [10] , benzeneselenenyl bromide [11] , benzenetellurenyl iodide [12] were prepared according to literature. Diethyl ether and tetrahydrofuran were distilled from sodium benzophenone ketyl. Hexane was distilled from sodium metal. All sol vents were degassed.
All reactions were carried out under argon or ni trogen atmosphere.
Synthesis o f triphenylgermanium selenocarhoxvlate (3)
Triphenylgermanium selenoacetate (3 a) The reaction of sodium selenoacetate (238 mg, 1.64 mmol) with triphenylgermyl chloride (529 mg, 1.56 mmol) in ether (15 ml) followed by recrystallization from a mixed solvent (9 ml) [ether and hexane (2:1)] yielded 520 mg (78%) o f 3 a as colorless needles; m .p. 8 6 -9 0 °C; IR (KBr): 3050, 1690 (C = 0 ), 1670 (C = 0 ), 1485, 1430, 1340, 1300, 1180, 1090, 1020, 990, 875, 860, 780, 765, 740, 690, 660, 640 The reaction o f sodium 1,1-dimethylethanecarboselenoate (223 mg, 1.19 mmol) with triphenyl germyl chloride (397 mg, 1.17 mmol) in ether (15 ml) followed by recrystallization from a mixed solvent (6 ml) [ether and hexane (2 :1)] yielded 289 mg (53%) of 3b as colorless needles; m .p. 
Trimethylgermanium benzenecarboselenoate (3 c)
The reaction of sodium benzenecarboselenoate (207 mg, 1.00 mmol) with trimethylgermyl chlo ride (230 mg, 1.50 mmol) in ether (15 ml) at 20 C for 2 h, filtration of the precipitates (NaCl) and re moval of the solvent and excess trimethylgermyl chloride gave 296 mg (98%) o f 3c as a slightly yel low oil containing a trace o f dibenzoyl diselenide; IR (Neat): 3067, 2977, 2906, 1656 (C = 0 ), 1577, 1448, 1314, 1299, 1198, 1172, 884, 829, 768, 687, 672, 627, 568 
Triphenylgermanium benzenecarboselenoate (3d)
The reaction o f sodium benzenecarboselenoate (217 mg, 1.05 mmol) with triphenylgermyl chlo ride (342 mg, 1.00 mmol) in ether (15 ml) followed by recrystallization from a mixed solvent (9 ml) [ether and hexane (1:2)] yielded 433 mg (89%) of 3d as slightly yellow needles; m .p. 126-131 °C; IR (KBr): 3050, 1665 (C = 0 ), 1485, 1430, 1195, 1080, 995, 870, 740, 695, 670, 630, 450 
Triphenylgermanium 2-methylbenzenecarboselenoate (3e)
The reaction o f sodium 2-methylbenzenecarboselenoate (224 mg, 1.01 mmol) with triphe nylgermyl chloride (342 mg, 1.00 mmol) followed by recrystallization from a mixed solvent (9 ml) 4, 128.6, 129.2, 129.7, 134.8, 135.3, 137.4, 144.5 (Ar) 1585, 1475, 1420, 1275, 1175, 1015, 875, 750, 690, 650, 450 cm "1; ' H N M R (CDC13): 3 = 3.73 (s, 3H , C H 30 ), 19H, Ar) ; 13C N M R (CDC13): 3 = 112. 1, 120.2, 128.3, 128.6, 129.6, 133.7, 134.0, 134.9, 135.6, 157.3 (Ar) 
Triphenylgermanium 4-methoxybenzenecarboselenoate (3 h)
The reaction of sodium 4-methoxybenzenecarboselenoate (297 mg, 1.00 mmol) with triphenylgermyl chloride (339 mg, 1.00 mmol) and recrystallization from a mixed solvent (9 ml 1485, 1425, 1195, 1094, 1010, 870, 830, 740, 695, 550, 450 cm -' ; 'H N M R (CDC13): Ö = 7. 19H, Ar) ; 13C N M R (CDC13): Ö = 128. 5, 128.7, 130.5, 134.1, 134.8, 135.0, 138.3, 140.0 (Ar), 191.7 (C = 0 ) 
Triphenylgermanium 3-ehloro-2,6-dimethoxybenzeneearboselenoate (3 j)
The reaction of sodium 3-chloro-2,6-dimethoxybenzenecarboselenoate (149 mg, 0.41 mmol) with triphenylgermyl chloride (141 mg, 0.414 mmol) in a mixed solvent [ether (15 ml) and TH F (5 ml)] at 23 °C for 2 h and removal of the solvent under re duced pressure and recrystallization of the residue from ether/hexane gave 158 mg (70%) of 3j as slightly yellow needles; m.p. 116-119 °C; IR (KBr): 3050, 2940 , 1690 (C = 0 ), 1580 , 1460 , 1430 , 1290 , 1230 , 1085 (C H 3O), 62.3 (C H 3O), 108. 1, 119.6, 128.4, 128.7, 129.8, 131.3, 134.7, 134.9, 135.2, 154.4 (Ar), 191.1 (C = 0 ) ; 77Se N M R (CDC13): S = 432.6. Found C 55.73 H 3.95, Calcd C 55.67 H 3.98 .
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Reaction o f triphenylgermanium benzenecarboselenoate (3 c) with benzeneselenenyI bromide
A solution o f benzeneselenenyl bromide (135 mg, 0.57 mmol) in tetrahydrofuran (5 ml) was added to a solution o f triphenylgermanium benzenecarboselenoate 3d (310 mg, 0.57 mmol) and the mixture was stirred at 20 °C for 30 min. The reac tion m ixture was evaporated under reduced pres sure. The residue was dissolved in ether (5 ml), and allowed to stand in refrigerator (ca. -2 0 °C) for 3 h. Filtration o f the resulting precipitate gave 164 mg (75%) o f triphenylgermyl bromide as col orless crystals. Evaporation of the filtrate and fractional crystallization of the residue from 6 ml ether/hexane (2:1) in -2 0 °C afforded 129 mg (66%) o f benzoyl phenyl diselenide 5a as yellow plates; m. p. 4 0 -4 2 °C (Lit. [13] 41 -4 3 °C). The IR spectrum was consistent in all respects with that of authentic sample which was prepared from O-trimethylsilyl benzenecarboselenoate and ben zeneselenenyl bromide [13] .
Reaction o f triphenylgermanium 4-chlorobenzenecarboselenoate (3i) with benzeneselenenyl bromide
Similarly to 5 a, the reaction of triphenylger m anium 4-chlorobenzenecarboselenoate 3i (284 mg, 0.489 mmol) with benzeneselenenyl bromide (115 mg, 0.489 mmol), followed by frac tional crystallization from 9 ml ether/hexane (1:2) gave 128 mg (72%) o f 4-chlorobenzoyl phenyl di selenide 5 b. Recrystallization from ether/hexane (1:5) yielded 50% o f chemically pure 5b as yellow needles; m .p. 7 6 -7 8 °C (Lit. [13] 7 5 -7 7 °C). The IR spectrum of 5b was exactly consistent in all re spects with that of an authentic sample described in reference [13] .
Reaction o f triphenylgermanium 4-chlorobenzenecarboselenoate (3i) with 2 ,4-dinitrobenzenesulfenyl chloride 2,4-Dinitrobenzenesulfenyl chloride (118 mg, 0.58 mmol) was added to a solution o f triphenyl germanium 4-chlorobenzenecarboselenoate 3i (334 mg, 0.58 mmol) in tetrahydrofuran (15 ml) and the mixture stirred at 25 °C for 6 h. Concen tration of the reaction mixture to ca. 5 ml, cooling to -2 0 C for 20 h, and then filtration of the re sulting precipitate gave 106 mg (54%) of triphenylgermanium chloride 2. Evaporation o f the sol vent and fractional crystallization o f the residue from ether/hexane (1:2) gave 59 mg (30%) of addi tional 2 and then 172 mg (72%) o f 4-chlorobenzoyl 2,4-dinitrobenzenesulfenyl selenide 7. R e crystallization from ether/hexane (1:5) yielded 106 mg (48%) of chemically pure 7 as yellow nee dles; m .p. 122-125 °C (Lit. [9] 122-124 °C). The IR spectrum was exactly consistent with that of an authentic sample which was prepared from triphenyltin 4-chlorobenzenecarboselenoate and 2,4-dinitrobenzenesulfenyl chloride [9] , This work was supported by a Grant-in-Aid for Scientific Research on Priority Area of Organic Unusual Valency (No. 0323310) from the M inistry of Educaction, Science and Culture, Japan.
